Purpose: We assessed erythrocyte sedimentation rate and high-sensitivity C-reactive protein concentration in knee osteoarthritis and non-knee osteoarthritis. In addition, we investigated potential relationship between the levels of erythrocyte sedimentation rate and high-sensitivity C-reactive protein with clinical findings and radiographic severity. Methods: We compared erythrocyte sedimentation rate and high-sensitivity C-reactive protein concentration between 104 patients with knee osteoarthritis (knee osteoarthritis group; 25 males, 79 females; mean age, 73 y) and 50 patients without knee osteoarthritis (non-knee osteoarthritis group; 16 males, 34 females; mean age, 64 y) excluding any patients with comorbid joint osteoarthritis, rheumatoid arthritis, malignant tumours or inflammatory diseases. In the knee osteoarthritis group, we assessed whether erythrocyte sedimentation rate and high-sensitivity C-reactive protein concentration differed in clinical features and Kellgren-Lawrence (KL) grades. Results: Erythrocyte sedimentation rate and high-sensitivity C-reactive protein were significantly higher in the knee osteoarthritis group than in the non-knee osteoarthritis group (P ¼ 0.0013 and 0.00010, respectively). In the knee osteoarthritis group, erythrocyte sedimentation rate was significantly elevated in patients with tenderness and patellar ballottement (P ¼ 0.032 and 0.038, respectively), and high-sensitivity C-reactive protein concentration was significantly elevated in patients with tenderness, swelling and patellar ballottement (P ¼ 0.0042, 0.00030 and 0.019, respectively). Erythrocyte sedimentation rate in KL-I was lower than erythrocyte sedimentation rate in KL-III and -IV (P ¼ 0.012 and 0.037, respectively). Erythrocyte sedimentation rate in KL-II did not significantly differ from erythrocyte sedimentation rate in the other groups. High-sensitivity C-reactive protein concentration was lower in grade I than in KL-II, -III and -IV (P ¼ 0.044, 0.0085 and 0.049, respectively). Conclusions: Erythrocyte sedimentation rate and high-sensitivity C-reactive protein concentration were higher in patients with knee osteoarthritis and were related to clinical features. In knee osteoarthritis, high-sensitivity C-reactive protein concentration may increase in early-stage KL-II.
Introduction
The degrees of osteoarthritis (OA) progression and severity are often evaluated by radiographic findings. However, in the early stages of OA, the features of OA in radiographic findings may be poor. Therefore, it would be beneficial to use serum and/or urinary biochemical markers to assess arthritis in its earlier stages and to monitor the effect of any treatment. There are several reports that local inflammation can affect the pathogenesis of OA. [1] [2] [3] [4] The erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) concentration are the most common laboratory markers of systemic inflammatory diseases. Rheumatoid arthritis (RA) is a severe inflammatory disease, and ESR and CRP are elevated in patients with RA. In contrast, OA is a common joint disease, and it was previously considered that OA was not an inflammatory disease and that serum makers of inflammation were not elevated in patients with OA. However, there are several recent reports that ESR and CRP are slightly elevated in OA. [5] [6] [7] [8] [9] Furthermore, Montagne et al. 10 introduced an immunoassay to measure high-sensitivity CRP (hsCRP) concentration, 10 after which Sipe 11 reported that hsCRP concentration was elevated in OA. Therefore, the recent availability of a test to measure hsCRP concentration, which detects low-grade inflammation, could improve the determination of inflammation in OA. [12] [13] [14] [15] The purpose of the current study was to determine whether hsCRP concentration and/or ESR are elevated in OA of the knee. We compared the values of ESR and hsCRP concentration in patients with knee OA (KOA) with those in patients without KOA. Additionally, we also evaluated the relationships between ESR, hsCRP concentration and clinical findings of KOA.
Materials and methods
We selected subjects for this study among patients in whom ESR and hsCRP concentration were measured preoperatively from April 2004, when hsCRP concentration was first measured in our hospital, until the present. hsCRP was assayed by the latex photometric immunoassay in our hospital laboratory. Patients who underwent arthroscopic treatment, high tibial osteotomy (HTO) and total knee arthroplasty (TKA) for OA of the knee were included in the KOA group. Patients who had previously undergone HTO and TKA were excluded from the KOA group. There were 104 patients (25 males, 79 females) with a mean age of 73 y (range: 48-85 y) in the KOA group. We evaluated the degree of KOA with radiographic findings using the Kellgren-Lawrence (KL) grade system. 16 There were 10 patients (3 males, 7 females), with a mean age of 66 y (range: 49-83 y), in KL grade I; 21 patients (6 males, 15 females), with a mean age of 69 y (range: 52-85 y), in KL grade II; 31 patients (5 males, 26 females), with a mean age of 71 y (range: 53-81 y), in KL grade III; and 42 patients (11 males, 31 females), with a mean age of 72 y (range: 48-84 y), in KL grade IV. If the KL grades of the right and left knees were different, we chose the worse side. All patients were administered non-steroidal anti-inflammatory drugs (NSAIDs).
Patients with preoperative ESR and hsCRP concentration measurements with carpal tunnel syndrome, cubital tunnel syndrome, lumbar vertebrae disk herniation and soft tissue tumours were included in the non-KOA group. We excluded patients with any co-morbid joint OA (except the knee), RA, malignant tumours or inflammatory diseases (e.g. immune disorders or infection) from the non-KOA group. There were 50 patients (16 males, 34 females), with a mean age of 64 y (range: 43-83 y), in the non-KOA group.
We first evaluated whether age was statistically correlated with ESR and hsCRP concentration. We then compared ESR and hsCRP concentration between the KOA and non-KOA groups to determine whether ESR and hsCRP concentration were elevated in OA of the knee. In addition, in the KOA group, we assessed the relationships between ESR and hsCRP concentration and the following features of KOA: tenderness, swelling, patellar ballottement, flexion contracture and decreased flexion. Furthermore, the differences in ESR and hsCRP concentration by each KL grade were compared in the KOA group.
Statistical analysis
The correlations between age and ESR and hsCRP concentration were analysed using the Spearman's correlation coefficient by rank test. Differences in ESR and hsCRP concentration between the KOA and non-KOA groups were analysed using the Mann-Whitney U-test. In the KOA group, differences in ESR and hsCRP concentration for each clinical finding were also analysed using the Mann-Whitney U-test. Differences in ESR and hsCRP concentration by KL grade were analysed using the Kruskal-Wallis test and the Mann-Whitney U-test. SPSS version 21 (IBM Corporation, Armonk, New York, USA) was used for statistical analysis. A P value of 0.05 was considered to be statistically significant.
Results
The correlations between age and ESR and hsCRP concentration are shown in Figure 1 . Age was not statistically correlated with ESR and/or hsCRP concentration in either the KOA group or the non-KOA group.
The comparison of ESR and hsCRP concentration between the KOA group and the non-KOA group is shown in Figure 2 . Both ESR and hsCRP concentration were significantly higher in the KOA group than in the non-KOA group.
The relationships between ESR and OA features of the knee in the KOA group are shown in Table 1 . ESR was significantly higher in patients with tenderness and/ or patellar ballottement than those without these findings. The relationships between hsCRP concentration and OA features of the knee are shown in Table 2 . The hsCRP concentration in patients with tenderness, swelling and patellar ballottement was significantly higher than that in patients without swelling, tenderness and patellar ballottement. ESR and hsCRP concentration were not significantly different in patients with and without flexion contracture (>5 ) and decreased flexion (<120 ).
The comparisons of ESR and hsCRP concentration at each KL grade are shown in Figure 3 . ESR levels were not different between KL grades by the Kruskal-Wallis test (P ¼ 0.107). ESR levels in grade I were significantly lower than those in grades III and IV by the Mann-Whitney U-test (Figure 3(a) ). The hsCRP concentrations were different between KL grades by the Kruskal-Wallis test (P ¼ 0.03). The hsCRP concentration in grade I was significantly lower than that in grades II, III and IV by the Mann-Whitney U-test (Figure 3(b) ).
Discussion
In the current study, hsCRP concentration and ESR were not correlated with age in either the KOA or the non-KOA group, although we hypothesized that hsCRP concentration might be. Kraus et al. 17 previously reported that age was not correlated with CRP concentration. Therefore, we considered that adjusting for age was not necessary in this study. hsCRP concentration and ESR were higher in the KOA group than in the non-KOA group, in accordance with previous reports. 9, 11, 15 Although estimating the cut-off values of ESR and hsCRP concentration that detect patients with KOA would be useful in diagnosing OA, we were unable to do so here because of the large overlap of ESR and hsCRP values between the KOA and non-KOA groups.
In the KOA group, the clinical findings of tenderness, swelling and patellar ballottement correlated with hsCRP concentration and ESR. These findings are similar to previous reports in which elevated hsCRP concentration and ESR reflected clinical findings of KOA. 7, 13 Thus, it is not clear whether the elevation of the values of ESR and hsCRP related to only degenerative severity of KOA in radiographic findings. ESR and hsCRP may rise by clinical symptoms such as tenderness, swelling and patellar ballottement.
In this study, we evaluated hsCRP and ESR according to each KL grade I-IV in detail. Regarding KL grades, hsCRP concentration in KL grades II, III and IV was significantly higher than that in KL grade I, and ESR in KL grades III and IV was significantly higher than that in KL grade I. However, there were no significant differences for hsCRP concentration and ESR between KL grades II, III and IV. Therefore, it appears that hsCRP concentration might predict OA progression in earlier stages of KOA, such as KL grade II. There are several reports that show no relationship between CRP and OA grades. However, in those studies, the newer method to determine hsCRP concentration was not used, and the outcome of progression of KOA was established as a 2-mm or more reduction of the joint space as evidenced on radiography or during operation for total knee arthroplasty; additionally, detailed severity of KL grade has not been considered in longitudinal studies. 9, 14, 18 He et al. 19 reported that hsCRP concentration was above normal hsCRP in KL grade II. A more detailed evaluation of KL grade may be needed because there was no difference in hsCRP concentration among KL grades II, III and IV, which indicates severe KOA, as in our study. To our knowledge, there are few studies with patients with only early-stage KOA. In the early progression from KL grade I to II, hsCRP concentration may predict KOA. There are limitations in the current study. First, patient characteristics, such as body mass index (BMI) and the type of NSAIDs used, were not investigated. There are controversial reports on the relationship between CRP and BMI. There are several studies reporting a relationship between CRP and the prevalence of KOA following adjustment for BMI, 6, 18, 20 whereas several other studies have reported that elevated CRP was not associated with OA following adjustment for BMI. 21, 22 We consider that BMI is more related to OA than to CRP concentration, and future longitudinal studies should investigate BMI because several studies have reported an association between obesity and KOA. 23, 24 The use of NSAIDs was not an important consideration, because most The hsCRP concentration in patients with swelling, tenderness and patellar ballottement was significantly higher than that in patients without swelling, tenderness and patellar ballottement.
In findings of flexion contracture, as for two patients, the evaluation was unknown. a Mann-Whitney U-test (Group with findings vs. Group without findings).
patients took them to treat knee pain associated with OA. Second, the design of this study was not longitudinal but cross-sectional. Because a cross-sectional analysis does not allow assessment of prognostic values, the cut-off value of hsCRP for OA progression could not be determined in the current study. However, we believe that hsCRP concentration is useful for assessing KOA in early stages (KL stages I and II) but not in severe stages (KL stages III and IV), and a longitudinal study of the low-level increases in hsCRP during the early stage of KOA is needed.
Conclusion
Age was not statistically correlated with ESR or hsCRP concentration. ESR and hsCRP concentrations were higher in patients with KOA than in patients without KOA and were related to the swelling and tenderness features of knee OA. Finally, hsCRP concentration may become elevated in earlier stages of KOA compared to ESR, potentially making it a more useful biomarker of OA progression.
